Recent studies have revealed the presence of several peptides in the bronchopulmonary endocrine cells of the human lung. These include calcitonin, leucine enkephalin, and gastrin releasing peptide.'-3 Little is known of the frequency of such cells within the total epithelial population of the airways or the alveoli. Such information has become particularly important in view of recent studies showing apparent hyperplasia of these endocrine cells in ectatic bronchi and in lungs containing "carcinoid" neoplasms and carcinomas. 4 This study was performed to determine accurately the frequency of occurrence of those endocrine cells immunoreactive for calcitonin in normal adult human lungs, and to compare their frequency in different lobes and different subjects.
Methods
Five suitable cases were chosen from those coming to necropsy in the university department of pathology at the Royal Liverpool Hospital. The age and cause of death are shown for each of these in table 1 . Particular care was taken to ensure that none had any history during life or evidence at necropsy of respiratory disease, pathological conditions of the thyroid or parathyroid glands, or disordered calcium metabolism-factors that may, in theory, affect those pulmonary endocrine cells that contain calcitonin. The interval between death and the performance of the necropsy was also important. In no case was this greater than 18 hours. Permission for the study had been obtained from the hospital ethical committee.
The lungs were removed intact and gently distended by perfusion with Bouin's solution via a wide rubber tube inserted into the proximal trachea. Once a state of firm but not tight distension had been reached, the tubing was removed, the trachea ligated, and the whole specimen immersed in a large container of Bouin's solution, where it was allowed to fix for 24 hours. Blocks of tissue were taken at intervals of about 2 cm along the airways starting in the mid tracheal region. This allowed sampling of airways from all lobes, and also provided for study of a considerable amount of parenchyma. Although anatomical variation from subject to subject renders precise reproduction of the sites of sampling impossible, close approximation between cases is achievable with care. By this means a total of about 45 tissue blocks was obtained from each lung.
The blocks of tissue were embedded in paraffin figure) . All immunoreactive cells were situated deep in the epithelial layer close to the basement membrane. Their cytoplasmic granules, readily discernible by light microscopy after immunochemical labelling, were concentrated at the base of the cell. They were, however, always visible throughout the cytoplasm and in the cytoplasmic extensions. When adjacent sections stained with haematoxylin and eosin were studied, it was quite impossible to distinguish these immunoreactive cells. Their allegedly pale cytoplasm, responsible for their being named clear cells ("Hellezellen") many years ago,'3 was not sufficiently distinctive to permit their identification without the benefit of prior knowledge of their location. Table 2 shows the values for the number of immunoreactive cells expressed per 10 cm of epithelium and per 10 000 epithelial cells. As might be expected from the similarity of the figures for the total number of epithelial cells per mm of epithelium, the values obtained by these two methods of expression correlated very closely. For the 25 lobes studied, the number of immunoreactive cells expressed per 10 cm of epithelial length ranged from 2.4 to 9.0, with a mean and standard deviation of 4.3 (1.9). When expressed per 10 000 epithelial cells, the number of immunoreactive cells ranged from 0.90 to 3.68, with a mean (SD) of 1.70 (0.78). Analysis of variance by application of the F test showed no significant variation from subject to subject or between groups of equivalent lobes. Neither was there any significant variation between left and right lungs.
Discussion
The lung has only recently come to be widely recognised as having an endocrine function in addition to its role in the transfer of gases between the environment and the bloodstream, although the presence of endocrine cells in the airways was proposed almost 50 years ago.'4 '5 The presence of calcitonin was demonstrated in the endocrine cells of the lungs of six human neonates in 1980, and this was soon followed by the demonstration of leucine enkephalin and gastrin releasing peptide, the mammalian analogue of bombesin.23 Little is known about the pattern of distribution of these subpopulations in either normal or diseased lungs. Some previous studies have addressed themselves to the investigation of this problem; but they have relied on methods that do not permit distinction of the cell types according to their content of peptide, and they have not furnished quantitative data.'6 17 The major obstacle to such quantitative study is the scarcity of these cells. Sampling of tissue must be widespread to ensure a representative result. In the case of the 10 lungs examined in the present study, 10-20 blocks of tissue were taken from each lobe. Although this was sufficient to provide a fully representative figure for the lobe as a whole, it was still not enough to permit variation in the frequency of cells between different classes of airway to be determined.
The number of endocrine cells immunoreactive for calcitonin in the lungs of these five subjects showed remarkably little variation either from case to case or between groups of equivalent lobes. There is nothing, for example, to suggest that these cells are more prevalent in those parts of the lungs which are relatively poorly perfused (the-apices) or relatively poorly ventilated (the bases). It is also notable that the subjects studied were relatively elderly, with a mean age of 73.6 years; and although these cells were infrequent they were readily demonstrable in all cases. This is further evidence to support the contention that their role is not confined merely to the fetal and early neonatal period.6 Unfortunately, we are still quite ignorant of their function and their purpose is a matter of conjecture at present.
The two methods of expressing the frequency of calcitonin containing endocrine cells provide data that agree very closely. The importance of expressing the number of immunoreactive cells in terms of the total epithelial cell population becomes obvious given that stimuli affecting the number of endocrine cells may also alter-the size of the. total epithelial population.: For example, it has recently been shown that when rats are treated with diethylnitrosamine, a potent carcinogen, there is an increase not only in the size of the population of endocrine cells in the bronchi, as identified by silver impregnation, but also in the total number of epithelial cells.'0 A real change in the size of a population of endocrine cells could conceivably remain undetected if a generalised alteration in the number of epithelial cells had also occurred. Such careful analysis needs to be applied to the study of diseased lungs, in which subjective assessment of endocrine cells has already shown an apparent hyperplasia in the presence of ectatic bronchi and primary-bronchial neoplasms. 4 We would like to thank Mr AR Williams for photographic assistance, and Miss C Youd for typing the manuscript. This work was part of a larger study supported by the Mersey Regional Health Authority.
